In this study, we compared the eYcacy of 8 months of low-frequency vibration and a walk-based program in health-related Wtness. Twenty-seven postmenopausal women were randomly assigned into two groups: whole-body vibration (WBV) group (n = 18) performed three times/week a static exercise on a vibration platform (6 sets of 1-min with 1 min of rest, with a 12.6 Hz of frequency and an amplitude of 3 mm); walk-based program (WP) group (n = 18) performed three times/week a 60-min of walk activity at 70-75% of maximal heart rate. A healthrelated battery of tests was applied. Maximal unilateral concentric and eccentric isokinetic torque of the knee extensors was recorded by an isokinetic dynamometer. Physical Wtness was measured using the following tests: vertical jump test, chair rise test and maximal walking speed test over 4 m. Maximal unilateral isokinetic strength was measured in the knee extensors in concentric actions at 60 and 300°/s, and eccentric action at 60°/s. After 8 months, the WP improved the time spent to walk 4 m (20%) and to perform the chair rise test (12%) compared to the WBV group (P = 0.006, 0.002, respectively). In contrast, the comparison of the changes in vertical jump showed the higher eVectiveness of the vibratory exercise in 7% (P = 0.025). None of exercise programs showed change on isokinetic measurements. These results indicate that both programs diVered in the main achievements and could be complementary to prevent lower limbs muscle strength decrease as we age [ISRCTN76235671].
Introduction
A major problem associated with advanced adult age is the remarkable decline in functional capacity and the associated loss of independence (Frontera and Bigard 2002) . Muscle strength of the lower extremities is a major neuromuscular determinant of these losses and mobility (Guralnik et al. 1995) . The loss of muscle strength starts to aVect relevantly the quality of life around 50 years of age, and may compromise activities of daily living, especially in postmenopausal women because of the pronounced hormonal decline (Kallinen and Markku 1995) . Longitudinal studies show a loss of approximately 1-2% per year in isokinetic strength of the knee (Frontera and Bigard 2002) . In addition, it has been suggested that the product of force and speed is critical for reacting and preventing stumbling becoming a fall (Runge et al. 2000) . However, adequate physical activity is an eVective strategy for preventing this aging process (Frontera and Bigard 2002) . To prevent this decline in strength, researchers have been mainly studying the dose-response of the most common resistance training programs such as weight lifting (McCartney et al. 1995) . Even though this kind of exercise is suitable for young people, it is diYcult to apply to frail persons (fallers, osteoarthritis, physically untrained elder, etc.), who are not used to use them (Yamazaki et al. 2004; Cardinale and Wakeling 2005) . For this reason, walking-based programs have recently been prescribed because of its feasibility and more general health-related Wtness eYcacy (Yamazaki et al. 2004) .
Vibration exercise is a new method of training with ameliorations on bone Gusi et al. 2006) , balance (Bruyere et al. 2005) , strength of lower extremities (Torvinen et al. 2002a, b; Delecluse et al. 2003) and neuromuscular performance (Cardinale and Bosco 2003) , and is easy to apply on previously physically untrained and frail persons. This training method is based on the oscillatory muscle stimulation, transmitted through whole-body from the foot that is on a platform that vibrates at predetermined frequency and amplitude. However, the treatment has to follow speciWc safety guidelines (Cardinale and Rittweger 2006) to prevent exercise-related injuries (back pain, muscular discomfort, etc.), such as limiting the exposure to vibration (most of experiments do not exceed 10 min) and maintaining the posture of the participant in a semi-squat stance with knees Xexed, with active involvement of the leg muscles to reduce the transmission of vibration to the head (Gusi et al. 2006) .
Some studies had compared the eVects of a whole-body vibration (WBV) and conventional resistance training program on muscle strength, after 12 and 24 weeks (Delecluse et al. 2003; Roelants et al. 2004 ). The gain in muscle strength was similar in both groups.
Recent studies have included in their protocols frequencies at 10-15 Hz to allow for gentle adaptation in frail populations (nursing home residents, elder, rehabilitation programs, etc.) (Russo et al. 2003; Bruyere et al. 2005) . In terms of the metabolic demand for squatting on a plate vibrating at 26 Hz with a peak-to-peak amplitude 6 mm, that exercise requires an increase of oxygen uptake by about 4.5 ml/min per kg of body weight (Rittweger et al. 2001) , that is equivalent to moderate walking (Zamparo et al. 1992) . More recently, the current authors reported that low-frequency (12.6 Hz and 3 mm of amplitude) vibratory exercise using a reciprocating plate is feasible and is more eVective than walking to improve two major determinants of bone fractures in postmenopausal women: hip BMD and balance (Gusi et al. 2006) . Nevertheless, there is a lack of long-term studies to analyze the eVects of low-frequency vibrations on muscle strength in humans.
Additional studies are needed to compare whole-body vibratory and walking eVects on other Wtness factors as a safe and eVective program to implement in frail populations.
In the framework of the randomised clinical trial ISRCTN76235671, authors reported the eVects on bone mass density; the current study tested another further hypothesis: a low-frequency vibrating board for 8 months would be feasible and improve more the functional capacity and the muscle strength of lower limbs than a walkingbased program in postmenopausal women.
Methods

Subjects and study design
Thirty-six postmenopausal women were recruited by advertisements in local newsletters to participate in the study; however, only the 27 who completed the trial were included in the analysis (Fig. 1 ). All participants gave written informed consent. The inclusion criteria were: at least 5 years from the last menstruation; adequate nutritional status according to World Health Organization norms; nonsmoker; consumption of no more than four alcohol beverages per week; the ability to follow the protocol; free from diseases or medications known to aVect muscle strength.
Exclusion criteria were: acute hernia; thrombosis; any pharmacologic intervention for osteopenia within the previous 6 months; any history of severe musculoskeletal problems; engaged in high-impact activity at least twice a week (any weight-bearing activity or exercise more intense than brisk walk).
After all subjects were randomly assigned to one of the study groups by a table with random numbers, they were tested at baseline and 8 months. A total of 18 women were assigned to an 8-month program on a vibrating plate via reciprocation (the WBV group) and the other 18 women participated in a walking activity (the walk-based program group). The program consisted of 96 training sessions within a 32-week period. The frequency of training was three times a week, with a least 1 day of rest between two sessions in both experimental groups. Assessments were performed at baseline and immediately after 8 months of physical training.
The University of Extremadura Bioethics Committee according to the Helsinki declaration approved this study and was registered as randomised controlled trial [ISRCTN76235671].
The whole-body vibration group
The subjects in the WBV group performed the vibration exercise in a standing position. In each session, vibration was provided by a commercially available device (Galileo 2000, Novotec GmbH, Pforzheim, Germany). The subjects stood with feet side by side on the board, which produced side-alternating oscillations of the whole body. During the vibration training sessions, the subjects wore no shoes to standardize the damping of the vibration caused by footwear. The knee angle during vibration exercise was set at 120° to avoid reduce the transmission of the impact to upper body (spine and head) and increase the eVort of leg muscles.
The WBV group performed three indoor sessions per week monitored by an expert in physical exercise. Each session lasted 20-25 min including warm-up and vibratory exercises. The 10-min warm-up consisted of 5 min of bicycling at 50 W and 5 min of static stretching for the quadriceps and triceps surae muscle. During the Wrst 2 weeks of training, the WBV group performed three sets of 1-min vibration with a frequency of 12.6 Hz of vibration stimulus, separated by 1-min resting periods. Training load increased systematically during the following 6 weeks, increasing one set each week, until the six series of WBV that we considered to be the maximal load of this intervention. The resting period between sets was 1 min. The vertical amplitude of WBV was set at a peak-to-peak of 6 mm. As far as the selected sample was physically untrained, the initial purpose of the described protocol (short bouts, low frequency and moderate-high amplitude) compared to other more usual vibratory programs (more continuous training at 20-30 Hz) was to explore whether this regimen could still be beneWcial on Wtness condition in postmenopausal women, permitting longer time to react to vibration and time to rest within bouts, and to increase the amplitude to enhance the mechanical impact for osteoporosis prevention. A previous article of this randomised controlled trial showed the beneWcial eVects of the protocol on bone mineral density at femoral neck (Gusi et al. 2006 ), while the current study examined the eVects on strength.
The walk-based program group
The walk-based program (WP) group subjects trained three outdoor sessions per week in a group of 15-20 persons monitored by an expert in physical exercise. Each walking session lasted about 60 min including two sets of 25 min at 70-75% of their maximal heart rate (measured during the 2-km walking test performed at baseline) (Oja et al. 1991 ) on a pathway with easy up and downhill followed by 5 min of stretching exercises. The exercise period was distributed in two periods to facilitate the achievement of the targeted intensity.
Health-related Wtness assessment
Prior to the training period, all subjects were submitted to following test: (a) vertical jump test, with mixed counter movement of lower and upper limbs. Flight time was measured in both tests using an Ergo Jump Platform (Bosco System, Italy) (Pearson r = 0.93 and 0.86; variation coeYcient = 4.6 and 6.1%, respectively) (Gusi et al. 1997 ); (b) chair rise test (Thapa et al. 1994) in which subjects in standing position, arms folded on the chest, have to sit on and rise as fast as possible, three time consecutively, from a standardized 0.43 m in height (ICC of the measured testretest at the laboratory = 0.84); (c) maximal walking speed test over 4 m (ICC > 0.84) (Studenski et al. 2003) ; (d) body weight and height measured in standing position.
In the current study, we selected the shorter alternatives of the jumping, chair and walking tests to be more focussed on peripheral neuromuscular performance aspects than other more related to metabolic fatigue. The best result out of the three trials was considered as the outcome.
Muscle strength assessment
Maximal unilateral isokinetic strength was measured in the knee extensors in concentric actions at 60 and 300°/s, and eccentric action at 60°/s using an isokinetic dynamometer (Biodex System-3, Biodex Corp., Shirley, NY, USA). This last testing procedure was systematically the ultimate to be performed in order to avoid the well-known decrease in muscle power occurring after eccentric exercise (Michaut et al. 2002) .
All participants were seated on the dynamometer in a way that the axis of the dynamometer coincided with the axis of the knee, according to the common standards of Perrin (Perrin 1993) . Adjustments of the seat position were recorded for each subject in order to maintain standard positions. At the start of each single test the subjects were asked to relax so that passive determination of the gravity eVects on the limbs could be registered. All testing were performed using a hard deceleration cushion. Verbal encouragements were provided as stimulation for the subjects to produce maximal eVorts.
The range of motion was included between 80 and 0° at full leg extension, allowing determination of the preload activation moment that cannot be obtained during eccentric movements. Prior to the eVective measurements all subjects were allowed to perform three trials of the requested movement, at moderate intensity, in order to familiarize them with the test. The highest correct gravity peak moment value (peak torque) was registered after standard computer modulation and registered for further analysis.
Spare time and labor activities questionnaire
To detect the possible inXuence of other forms of physical activity, all participants were asked to complete the shortform of the international physical activity questionnaire (IPAQ) (http://www.ipaq.ki.se) (Spearman = 0.43-0.60) (Mader et al. 2006) : labor activity questions (unemployed, blue-collar worker or white-collar worker); and also whether they were receiving other physical or psychological treatment. As outlined above, participation in regular physical exercise more than twice a week or other forms of physical or psychological therapy were exclusion criteria at any time in the study.
Statistical analysis
All analyses were performed with SPSS, version 16.0 software.
Mean and standard deviation (SD) are given as descriptive statistics. The data were analyzed using the Kolgomorov-Smirnov test, with Lilliefors signiWcance. Independent t tests were used to compare the baseline characteristics of the groups. The data were analyzed by analysis of variance for repeated measures (factors: time and training form).
Results were considered statistically signiWcant when the signiWcance values, P, were <0.05. In addition to the P values, we provided detailed statistics including the mean and 95% conWdence interval for better depicting the change within each intervention group from baseline to 8 months and the treatment eVect. This addition is recommended for biomedical journals (Altman et al. 2000) for helping other authors and readers to determine the size of diVerences and to compare with the intervention in other studies. This addition is especially useful in the current study for comparing with other groups (e.g., sedentary group or groups who trained diVerently). The change to 8 months of a group was deWned as the increase or decrease from pretraining to posttraining by that group. The treatment eVect was calculated by the following formula: WBV change score ¡ WP change score mean. The mean and 95% conWdence intervals of changes were calculated using Student's t test for independent samples in each.
Results
Fourteen participants in WBV and 13 participants in WP completed the study. The lack of interest was the principal cause for the drop-out that we had registered (two subjects in the WBV and Wve in the WP group). The participants, who dropped out were not diVerent to those, who completed the program in terms of Wtness. In the WBV group, the reported mean frequency attendance of the subjects that concluded the program was 2.7 § 0.7 times per week, and no vibration-related side eVects or any adverse reactions were observed. In the WP group, the reported mean attendance of the subjects that also completed this study was 2.8 § 0.8 days per week. Table 1 shows baseline characteristics of both groups. There were no signiWcant diVerences between groups at baseline. Table 2 reveals the comparative eVects of both programs on a health-related test battery. SigniWcant positive eVects were found on mean scores registered by the WP group on the 4-m walking time and on chair rise test compared to the other group (P < 0.001 in both tests), while the WBV group improved signiWcantly on vertical jump compared to WP group (P = 0.046). Even at baseline WBV group performed better results on 4-m walking time, and on chair rise test (P = 0.030 and 0.028, respectively), after the 8 months, the time spent to walk 4 m and to perform the chair rise test of the WP group decreased 20 and 12% compared to the WBV group (P = 0.006, 0.002). The comparison of the changes in vertical jump showed the higher eVectiveness of the vibratory exercise in 7% (P = 0.025).
Meanwhile the isokinetic strength of the WP group remained unchanged (Table 3) ; the WBV group showed a tendency to decrease in all of the isokinetic strength variables measured. After 8 months, neither signiWcant changes nor comparative eVects between exercise programs were found in the isokinetic dynamometric variables studied.
Discussion
The main Wnding of the present study was the diVerences and speciWcity of adaptations of each intervention in muscular actions. WP program was more eVective for improving lower limb muscle strength associated with mobility accomplishing usual daily activities (like walking, sit and reach from a chair or climb steps), which may be essential for postural stability and to prevent falls (Bogaerts et al. 2006) , while the WBV program improved the explosive strength in jumping, more associated to a faster shorteningstretching cycle, which may be important for predicting future falls in older women (Skelton et al. 2002) for the reason that a rapid decrease in strength/power in older people seems to be associated with a lower capacity for (Izquierdo et al. 1999) , and is critical for preventing a stumble becoming a fall for an elderly person (Runge et al. 2000) . Other studies in elderly reported no signiWcant diVerences between the improvements obtained in walking speed after vibratory exercise programs compared to other exercise programs on the platform (isometric and dynamic squats) without vibrations (Rees et al. 2008a, b) suggesting that strength adaptations were mainly attributable to the posture-related isometric exercises, but our study reported greater improvements in the walking group. This diVerence could be partially attributed to the speciWcity of walking program for the 4-m walking test and the small reduction in the knee extensors strength in the vibratory group (Table 3) . Another important Wnding was the ineYciency of both programs on the strength of the knee-extensors and Xexors measured by an isokinetic device. Other authors (Rees et al. 2008a, b ) also failed to detect the diVerences of this type of strength at knee comparing vibratory exercise and other comparable exercise program (squats) in elderly, but they found that vibration training contributed to an increase in plantar Xexor strength and power. Moreover, the knee extensor strength measured in isometric muscular action decreases with the increase of the duration of the sessions in vibratory exercise programs (Stewart et al. 2009 ). Although the mechanisms and optimal dose-response of vibration exercise remain mainly unclear, literature has suggested several factors. The fact that easy walk-based programs and to short bouts and low-frequencies of vibratory exercise provoke low-moderate electromyographical amplitude (Bosco et al. 1999 ) could explain why we did not found an eYcacy on maximal isokinetic outcomes, once this muscle action requires high electromyographical activity (Reichard et al. 2005; Croisier et al. 2007) to Wght against the repeated opposition of the approximately isoinertial or isokinetic devices. Moreover, this ineYcacy increasing strength was probably limited because vibration also elicits a certain level of presynaptic Ia inhibition, which brakes the further recruitment of motoneurons (Desmedt and Godaux 1978) . Same authors referred that during vibration the recruitment of motoneurons is in accordance with the size principle and as suggest by Ruiter et al. (2003) ; during WBV any recruitment of motoneurons may be limited to the smaller ones. On WBV exercise both agonists and antagonists on leg muscles are simultaneously exposed to the vibration stimulus. It is describe that vibration causes reciprocal inhibition of the antagonist muscles (Ruiter et al. 2003) , in consequence that should explain the lack of eVects on strength measured in an isokinetic dynamometer. As well the intensity of 12.6 Hz was probably not high enough to induce any change in the contractile properties of the leg muscle. As suggest by Ruiter et al. (2003) the larger motor units in particular may not have been recruited at all during this kind of WBV.
Although some authors suggest that low frequencies could produce signiWcant increases (9.7-19.0%) in stresses, loads transmitted through the facets, intradiscal pressure (IDP), disk bulge on subjects (Goel et al. 1994) , others pointed to low frequencies as a target for rehabilitation of patients (Schuhfried et al. 2005) . In fact, it has been recently suggested that the frequency of vibration should be individualized to the Electromyography-Root Mean Square (EMG-RMS) muscular activity to optimize vibratory exercise (Stewart et al. 2009 ), but the use of EMG monitoring is not always available, feasible nor eYcient in clinical practice. In our randomized controlled trial, we did not verify any injury in WBV group subjects. This Wnding could be partially attributed to the attenuation of mechanical impact by leg muscles because the knee Xexion reduces the transmissibility of mechanical impact throughout the skeleton (in a preliminary study we used a three-axial accelerometer attached to the skin at the level of the lumbar spine (L3), and we registered a decrease of the impact when we increase the knee Xexion).
The retention of the current programs (78% on WBV and 72% on WP) is similar but slightly lower than that of previous community group-based strategies to promote exercise in elderly populations (80-90%) (King et al. 1998) . The reduced time spent in each WBV sessions (about 25 min compared with the most common 40/ 60 min), the fact that subjects could complete their sessions between 9 a.m. and 9 p.m., as well as they were accompanied by the physical exercise expert, and also that the subjects did not need to dress in any special clothes, inXuenced this positive result. However, strategies to improve retention in the program should be pursued (more platforms working at same time, musical environment, etc.). In WP group, the fact that subjects performed the program ingroup, permitting social contact, can lead to improved retention.
As we expected, the WP group presented a signiWcant improvement on walking speed, reXecting the speciWcity of walking training. In fact, this group performed a walking program for 1 h three times a week during 8 months. DiVerent results were obtained by WBV group. They reported a slight increase on walking test. Iwamoto et al. (2004) also failed in improving the walking speed with a WBV program, with a frequency of 20 Hz in elderly women. Maybe increasing the vibration frequency (over than 25 Hz), we could achieve also a positive eVect.
After 2 months of WBV training using a frequency of 27 Hz with the same device as we used, with a group similar to ours, showed gains of 18% in chair rising time, as a result of improved muscle power caused by reXex muscle stimulation (Runge et al. 2000) . In contrast, the studies of Iwamoto et al. (2004) and the current did not Wnd any improvement in chair rise test using 20 and 12.6 Hz, respectively. Therefore, intensity seems to play a crucial role in the adaptations. As we observed at Table 2 , WP registered signiWcant improvement compared with WBV group. However, WBV group had a signiWcantly better baseline value on the chair rising test. Probably this is a reason why this group had more diYculty to improve chair rising compared with WP group.
The decline in muscle strength with aging has been found to arise from the combination of the decrease in muscle mass (lean muscle mass decreases 30-40% relative to total body mass as we age) as well as the selective type II Wber degenerative atrophy (Kallinen and Markku 1995) . According to Cardinale and Bosco (2003) , the use of vibration for muscle training has been based on the conjecture that strength increases could be easily attained during short time frame. Literature shows that WBV usually failed to improve vertical jumping in healthy subjects (Ruiter et al. 2003; Cochrane et al. 2004 ), but it was eVective in older (Russo et al. 2003; Rehn et al. 2007 ) and previously untrained populations (Torvinen et al. 2002a (Torvinen et al. , b, 2003 Delecluse et al. 2003) ; Rehn et al. 2007 ) as in the current study. So, ours results showed that WBV increase the explosive strength in jumping on postmenopausal women, while walking activity does not seem to aVect this kind of strength in particular.
A possible limitation of the present study could be the sample size. The size of the sample might have been too small, and could have limited the possibility to obtain statistically signiWcant eVects on the reduction of WBV on isokinetic dynamometry, and because of this, the magnitude of observed changes were below the onset of clinically relevant changes of isokinetic dynamometry (Dvir 2003) . Moreover, the isokinetic dynamometry did not show any remarkable clinical change in either WBV or WP group. Other limitation was the fact that we did not use a control group on this experiment to compare the eVects of both programs with the aging process during the 8 months. However, the intention of the current study was to primarily compare WBV and walking as two interventions feasible in the elderly.
Conclusion
The present study shows that both exercise programs, WBV and WP, induced diVerent and complementary adaptations that could contribute to prevent falls and the prevention of lower limbs muscle strength decrease as we age. This 8-months WBV program with a 12.6-Hz of frequency can be applied in a secure way to elderly populations, but their eYcacy is limited, especially in muscle strength, because of this moderated intensity of exercise. Our vibratory exercise program induced adaptation, especially on ballistic movements that are closely related with the explosive strength, while the walking-based program achieved better results in mobility.
